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ABSTRACT /0 93/

The visible band spectra for the cadmium - cadmium halide and the
lead - lead halide systems have been observed. The relative positions
of the band peaks of the cadmium - cadmium halides compared to those of
the halides suggest that the species Cd;+ is not formed but that the
metal atom is situated in vacancies from which it contributes electrons
to nearest cation neighbors. A 0T HoF

INTRODUCTION

An explanation of the solubility of neutral metal atoms in ionic
llquids should account for the nature of the species in solution and
indirectly the structure of the liquid. For this reason the visible
and infrared absorption spectra of the cadmium - cadmium halides and
lead - lead halides were obtained. It has been observed that new bands
were formed when the metal is added to its salt. The peaks observed
for these metal-salt systems occur at the same relative position to
each other as do the peaks for the pure salts but at longer wavelengths.
This 1s interpreted to mean that the absorption process in the metal-

salt is relatively the same as in the pure salts but at lower energies.



The vislble absorption process in the pure salts is a charge-transfer
mechanism In which electrons are promoted from the anion to the nearest
cation neighbors.l It would appear therefore that in the metsl-salt
systems, metal atoms are situated in vacancies and that their electrons
are promoted into the energy levels of the salt in much the same manner
as anion electrons in a "pure" salt. The solubility of these metals in
thelr salts 1s therefore a function of the number of such vacancies
present. If the salt is considered to have a quasi-lattice structure,
then the vacancies to which the metal atoms accommodate themselves may
be the type present in solids. That 1s, the vacancles are of the inter-
stitial type and in addition, actusl cation vacancies formed by the
movement of the cation out of the quasi-lattice structure.

EXPERIMENTAL

Reagent grade materials were kept in & vacuum drying oven at 200° ¢
Tor several days and then melted and filtered through Pyrex glass wool.
The lead and cadmium metals had less than 1 percent impurity and were
used without further purification.

Measurements in the visible were made using a model 13 Perkin-
Flmer spectrophotometer equipped with a Nernst glower light source,
fused siiica prism and photomultiplier detector. The light source was
prased by a chopper since the detector was susceptible only to an ampli-
fied a-c signal. This proved helpful in keeping the emission inter-
ference to a minimum since the black body radiation of the sample and
cell were not phased. Investigations were also made in the infrared up
to 15u. For these measurements, the model 13 was equipped with a Nernst

glewer light scurce, NaCl prism and thermocouple detectors.
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The platinum screen technique2 was used to obtain data in the in-
frared. In order to prevent evaporation or oxidation of the samples on
the platinum screen, the cell was kept under nitrogen pressure (~lOpsig)
and the temperature of the sample was not allowed to reasch more than
10° ¢ sbove the melting point. The platinum screen cell was matched
with air as a reference. This was done since the pure salts do not
have an infrared absorption band to 15u. The reference beam was atten-
uated to obtain the proper base line.

In the visible, the reference and sample cells were made from Smm
Pyrex tubing. These containers were then calibrated to form sets of
celis with known differences in path length. In order to prevent alr
oxidation of the cadmium in the cadmium halide mixtures, the Pyrex con-
talners were evacuated and sealed. No such precautions were necessary
with the lead - lead halide systems. The cuvettes were heated by means
of Nichrome ribbon, and the temperatures were controlled by means of an
on~off relay to within +2° C. The cells used in the vigible were
matened by adjusting the base-line of the instrument. It was therefore
necesgsary to report the results as relative percent absorption. In
order to isolate the absorption due to added metal from absorption due
to the salt alone, the reference cell of the double-beam;instrument was

Tilled with the pure salt.

RESULTS

The data obtained are reported in table I and in figures 1 and 2.
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TABLE I - VISIBLE ABSORPTION MAXTMA FOR CADMIUM

AND LEAD SALTS, AND METAL MIXTURES

Salt Al T(°C)
ca Cl, 0. 360 588
cd Br, 0. 500 600
cd I, 0. 540 405
Ca-Cd Cl, |  0.455 573

0. 455 593

0.45 - 0.55 618

C4-Cd Br, |  0.605 605
cd-ca I," 0. 665 390, 410

Pb CL, 0. 439 521

Po Br, 0. 521 393

Pb-Fb Cl, 0. 627 550

Pb-Fb Br, |  0.692 450

*The absorption due to the pure salt is present
in addition to the maxims reported.

No specific infrared absorption bands were observed either in the
pure salts or in the metal-salt mixtures. Decomposition of the lead
icdide made it difficult to specify the spectra of the system, and
these results were not reported. As in the case of the pure salts the
effect of temperature on the metal salt bands was initially to broaden
the band and then shift the peak position to lower energies (longer

wavelengths)., The splitting of the band, as observed in the case of
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Cd in Ca 012, a few degrees above the melting point 1s analogous to
the splitting that oceurs in the spectra of crystals when the absorbing
specles can have more than one orlentation in the lattice. A possible
explanation of this effect may be due to the fact that the metal atom
can occupy elther an interstitial vacancy or a hole formed by the dis-
Placement of a cation. As the temperature is raised, the band broadens
and the split 1s not seen.
DISCUSSION

It appears that two types of solutions are formed upon the addl-
tion of a metal to 1ts salt. In the case of the alkalil, alkaline earth,
or the rare-earth systems electronically conducting solutions are formed.
However, systems such as Cd, Pb, Bi - hallde mixtures remain electro-
lytic conductors. The mechanism whereby electronic conduction appears
has been attributed to the dissociation of the metal atom into a cation
and an electron.3 The resulting electrons then have sufficient energy
to move in the conduction band. Essentially two explanations have been
given for the case where electrolytic conduction prevails. A solution
is formed upon the addition of the metal whereby the metal atoms occupy
holes in the quasi-lattice formed by the halide ions.4 The other ex-
blanation for the case of electrolytic conduction indicates that the
metal atoms react with the cations to form a subhalide. Since Cd+
would not be diamagnetic, the presence of this species was discounted
by magnetic susceptibility measurements.5
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The presence o he case of the cadmlum and lead

metal-salt systems indicates that the metal as present in the salt does
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not possess close-spaced electronic levels characteristic of the metal
in the pure state. The presence of such levels would result in a con-
tinuum in the visible spectral region. This has been confirmed by the
diamagnetic behavicr of the cadmium metal-salt system since "metallic"
behavior is characterized by a paramagnetic effect.6

The fact that these bands do not overlap or center about some mean
position indicates that the electronic transition involved is not pri-
marily concerned with an individual ion. In other words, if Cd;+
were specifically formed in the cadmium - cadmium halide systems by a
reaction between the cadmium metal atom and cadmium cation, i.e.,
ca + cd" = cdj", the visible spectral bands would sppear at relatively
the ssme place since the electronic transition would only be slightly
influenced by the presence of the anlons.

What is observed, however, is that the unique bands for the
metal-salt systems have the same relative positions to each other as
do the pure salts. This would be seen even more clearly 1f account is
taken of the temperature influence on the position of the band peak as
well as the fact that the peak position for the pure molten salts is
estimated.l The fact that the metal-salt systems have unique bands
with the same relative position to each other as the salts themselves
suggests that the energy level structure for the metal-salt system is
similar to that of the salts but that the initial electron transfer
process occurs at lower energies. In other words, the metal atoms con-
tribute electrons to the egtablished energy levels in the salt. It is

possible therefore to consider the electron transfer to occur notr



-7 -

between metal atoms and dissoclated moblle cations which would lead to
the formation of Cd;?, but that the electron transfer process occurs
between metal atoms and the undissociated or quasi-lattice portion of
the salt. In this case the electron would be promoted from the metal
atom situated in a vacancy to the nearest cation neighbors in the quasi-
lattice. The charge distribution of the cation neighbors in thls case
would be modified by the presence of the anlons and account for the
separate bands observed when the metal is added to 1ts hallde salts.
This electron transfer process has been used to explaln the enhanced
dlamagnetism in the cadmium - cadmium chloride solu.tion.6 That thils
electron transfer would be of low energy is suggested by the fact that
it takes less energy to ionize a metal in an fonlc medium than in
vacuum.7

The visible absorptlion process for the metal-salt systems 1s anal-
ogous to the absorption process in pure salts. The process of visible
absorption in ionic salt systems has been attributed to the electronie
charge transfer from the anlon to the nearest cation neighbors. This
resuits in the formatlon of an exciton. The components of the exciton
are a halogen atom and an electron moving in expanded orbits of nearest
eation neighbors. In accordance with the suggsstion thal lhe metal-
salt systems have an initiasl low energy electron transfer wilth the same
energy level structure as the salt, the metal atoms may contribute
electrons to expanded orbits involving nearest cation neighbors in the

quasi-lattice structure of the melt. The results of this charge trans-

fer are a cation and an electron moving in an expanded orbit.
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The mechanlsm for both electronlic and electrolytic metal-salt solu-
tions would therefore involve the accommodation of the metal atom to fhe
number of vacancies present. In the case of electronically conducting
systems, the electron can be consldered to be delocalized. This mech-
anism helps to explain the selective solubllity of metals in salts.
fhat is, the salt functions as a membrane which can dissolve only par-
tlcular metal atoms.

It 1s of interest to note that the exciton phenomens in "pure"
salts can be used to explaln the stablllity of these systems upon melt-
ing. In the halides the charge transfer process results in the forma-
tion of a halogen atom. For the lodide systems this 1s a relatively
low energy process and decomposition of the system upon melting is
observed. It mey be that such decomposition occurs upon melting to
varying degrees in all ionic halide systems and may be responsible for
the residual emf's observed in electrical conductance measurements
and in the determination of Seebeck coefficients.
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Figure 1. - Visible absorptlon spectra of cadmium
haildes and cadmium in cadmium ha.ides.
PbCl, PbBr. TEMF,
100— 2 2 °C
PbCly 521
PbBr, 393
80 (Pb,PbCly) 550 1 SATURATED

(Pb,PbBry) 450 J METAL SOLN.

60—

(Pb, PbCl2)-PbCl,
20—

(Pb, PbBrz)" PbBrz

0 I \I 'g VI?\ J

3 4 5 8
WAVELENGTH n

Filgure 2. - Visible absorption spectra of Pbllo,
PbBrp and Pb in PbClpy, PbBr.
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